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One-step synthesisand structure of atricyclic trislactone with C; symmetryt
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The reaction of piruvic acid with PHj; in the presence of HCI leads to the self-assembly of chiral tricyclic trislactone 1, the structure

of which is proved by spectroscopy and gas electron diffraction.

The chiral molecules of C,23 C4*6 and higher order sym-
metries are aesthetically pleasing and very interesting for dif-
ferent fields of chemistry.

Previoudly, we developed the methodology of configura-
tionally and conformationally controlled self-assembly of bi-
cyclic bisactones and bislactams of C, symmetry.2 These bis-
lactones were synthesised for the first time by N. D. Zelinskii
(1890).27 Our methodology can also be useful for the synthesis
of polylactones of higher symmetry. A similar trislactone was
obtained even earlier (1888).8 However, it was initialy described
without structure;8@ then, as a tris-a.-lactones®)

Me
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and, finally, astris-y-lactone 1 (1960)8© (Scheme 1). In 1972, it
was found® that a-lactones are stable only at temperatures lower
than =100 °C (see ref. 10, p. 130).

Surprisingly, neither the beautiful molecules of Zelinskii
dilactones nor trislactone 1 were described in reviews,3% a
monograph on lactones!o or textbooks on organic chemistry
and stereochemistry.

In this study, we reproduced the synthesis® of trislactone 1

(Scheme 1).#
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The product exhibited the same properties (including mp) as
that in ref. 8, where elemental analysis, perfectly corresponding
to 1, IR spectrum (voo 1784 cml) and other proof for the
reported structure 1 was provided. The C; symmetry of the
molecule is proved by H NMR (methyl protons doublet, 3],
corresponds to tertiary phosphine), 13C NMR (the equivalency
of carbons of three Me, three CP and three CO groups) and
31IP NMR spectra (decet with 3Jp, = 3J,p).* According to mass
spectrometry,* the molecular mass of 1 is consistent with that
found by ebullioscopy.8© Crystallization of 1 from different
solvents or sublimation failed to give single crystals suitable for
X-ray analysis. We failed to obtain an oxide of 1 by the treat-
ment of 1 with 50% H,0O,. It was previously mentioned8(© that
1 is stable towards anhydrous peroxides, sulfur and Mel in
aprotic solvents, whereas the treatment with Mel in MeOH gives
the phosphonium iodide Me;P*C(Me)(OH)CO,Mel-. However,
easy sublimation of 1 at 100 °C (34 Torr) alowed us to deter-
mine its molecular structure by gas electron diffraction.’

T Self-assembly of cage structures. Part 16, previous communication see
ref. 1.

Table 1 Experimental (a) and theoretical calculated (b) structure param-
eters of 1 (distancesryin A, angles £, , deg, 1...10 — parameter groups).

a b U a b

CH 1.096ass 1.0960 0.076 CCC 111.0(4)¢ 110.9
C=0 1.200(4)t 1.1995 0.037 PCMe  115.9(4)5 115.8
CerO  1.359(5)% 1.3603  0.047 CCO 112.3(6)7 114.2
CewO  1452(6)% 14494  0.051 COC 118.7(6)8 118.7
CqrMe 1527(4)4 1.5200  0.051 OCO 122.6(6)8 121.6
CqrCqn 1.557(4)* 1.5503  0.053 PCCy.  107.8(4)° 106.8
c-P 1.891(5)5 1.8944 0.054 CCH 108.(4.)0 110.0

R; = 6.9% CCOC b5.27ass 5.27

The molecular structure of 1 was described by five groups of
internuclear distances (C=0, CSPZ—O, C , C-C and C-P),
small differences for which were taken from quantum-chemical
calculations (B3LY P/6-31G**, Table 1), as well as five groups
of bond angles (CCC and PCMe, CC_,0, COC and OCO,
PCCqp, CCH). The correlation coef?icients between the
parameter groups formed were lower than 0.84. The inner
rotation angle of a practically planar fragment of the five-
membered ring C-C-O-C is fixed on the quantum-chemical
value. For the methyl groups C,,, local symmetry was assumed.

+ PH; was obtained®©.11 py the pyrolysis of crystalline H3PO; on
heating to 175-200 °C (0.5 h), 205210 °C (0.5 h), 350°C (1 h) and
collecting to atrap cooled with liquid nitrogen, yield ~95%.

1, trilactone of phosphatris(2-hydroxy-2-methylacetic acid) or al-cis-
1,4,7-trimethyl-3,6,9-trioxa-10-phosphatricycl o[ 5,2,1,0410] decane-2,5,8-
trione. Through a solution of 4 g of piruvic acid in 50 ml of dry Et,O, a
mixture of PH; and dry HCI was bubbled for 3h at 20-25°C, the
mixture was allowed to stand for 3 days at 20 °C. The solid product was
separated by filtration and dried; yield, 2.1 g of 1 (56%). Crystallization
from glacial acetic acid yielded thin needles of 1 with mp 273-274 °C
(lit.,8©) mp 273-274 °C) soluble in acetone, MeCN and alcohols; limited
solubility in CHCI;, Et,O and poor solubility in CgHg. 1 is stable to
atmospheric oxidation, does not change upon sublimation (200-250 °C)
at atmospheric and reduced (1 Torr) pressures at 100 °C. Mass spectrum
(El, 70eV), m/z (rel. int., %): 244 (M+, 0.06), 130 (65.6), 129 (21.0),
117 (8.8), 103 (13.5), 87 (49.6), 58 (18.3), 57 (35.5), 56 (15.0), 44
(16.0), 43 (100). H NMR (400.13 MHz, CDCl,) ¢: 1.97 (d, Me, 3J,p
14.3 Hz). BC NMR (50.32 MHz, [2H¢]acetone) o: 22.7 (dg, Me, 3
25.4 Hz, Yy 131.3 Hz), 83.8 (dg, CP, Wcp 30.0 Hz, 21y, 4.4 Hz), 172.0
(d, CO, 2Jcp 4.5 Hz). 31P NMR (81 MHz, [2H¢]acetone) o: —22.0 (decet,
P, 3Jpy 14.3 Hz), chemical shift in higher field from 85% H4PO,.

§ Gas dectron diffraction of the sample of 1 obtained by sublimation at
100-150 °C (1 Torr), was studied on an ER-100M instrument.

At a nozzle temperature of 180 °C, an accelerating voltage of 60 kV
and two nozzle-plate distances (361.84 and 196.00 mm) at each distance
three electron diffraction patterns of 1 were recorded. Simultaneously,
the electron diffraction patterns of a standard compound (CCl,) were
recorded for the refinement of the wavelength of scattered electrons and
treated according to a published procedure?2 on a UMAX Astra-4500
scanner.

The range of experimenta intensities for s[s= (4n/A)sin(6/2); 6 is the
scattering angle and 4 is the electron wavelength] was 5.0 < s < 17.0 A1
for a longer nozzle-plate distance and 8.6 < s < 32.2 A~ for a shorter
distance, respectively.
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Figure 1 The radial distribution curve for 1 (circles represent experi-

mental data, solid line is theoretical, vertical lines correspond to inter-
nuclear distances in the molecule).

The tests alowed us to exclude aternative variants of the
mutual orientation of the fragments of the molecule, differing in
the values of inner rotation angles.

The vibrational amplitudes and corrections for the contrac-
tion effect were calculated according to a published procedurel3
using quantum-chemical force field. For optimised parameters,
the triple RMSD is given in parentheses.

The experimental data are in good agreement with the cal-
culations (Table 1). The agreement between the model of 1
and the experiment is shown on the radial distribution curve
(Figure 1). The molecule has C; symmetry (Figure 2).

The five-membered rings are distorted and are essentialy
planar (the sum of inner bond angles is equal to 537°). The
C—P—C angle (89.5°) is strongly contracted in comparison with
that of other phosphines (98.8° in Me;P and 96.1° in 1-phospha-
3,5, 7-triazaadamantanel4). Note increased vaues of the in-cycle
bond angles C-O-C [118.7(6)°] and C-C_,—O [112.3(6)°] and
Cg—Cqye bond lengthening to 1.557(4) A SFthe typical value for
the Co,,—Cq;s bond length for cyclic ketonesis equal to 1.51 A),
which reflect the stress in five-membered rings. The C—P bond
[1.891(5) A] islonger than that in other phosphines[1.844(3) A
in Me,P and 1.857(3) A in 1-phospha-3,5,7-triazaadamantanel].
The Me-C-P bond angle [115.9(4)°] is higher than a typical
value of 109.5° for tetrahedral carbon. Other geometrical
parameters (Cy—O, C , C=0 and C—H) are characteristic
of similar acyéTic and cyclic molecules with such bond types.

The carbon analogues of trisactone 1 are unknown. The
closest structural analogues, triquinacenes A—C (Scheme 2), in
contrast to 1, were obtained by multistep syntheses.’> Based on
a comparison of the mp of (x) and (+)-A, it is possible to
assume that the compound crystallises as a true racemate, as
well as B, C. X-ray diffraction data on B, C show, similarly to
1, asignificant contraction of bond angle o. (Scheme 2).

Figure 2 The molecular structure of 1.
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(£)-A 5@ mp 170-171°C;  B,150) X = H, space group R3,
(+)-A,15(0) mp 161-162 °C; Z=6,a=106.5%
C,15(d) X = Cl, space group Pbca,
Z=8,a=105.9°

Scheme 2
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